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(57) ABSTRACT 

A method of making an isolation-less, contact-leSS array of 
bi-directional read/program non-volatile memory cells is 
disclosed. Each memory cell has two Stacked gate floating 
gate transistors, with a Switch transistor there between. The 
Source/drain lines of the cells and the control gate lines of 
the Stacked gate floating gate transistors in the same column 
are connected together. The gate of the Switch transistors in 
the same row are connected together. Spaced apart trenches 
are formed in a Substrate in a first direction. Floating gates 
are formed in the trenches, along the Side wall of the 
trenches. A buried source/bit line is formed at the bottom of 
each trench. A control gate common to both floating gates is 
also formed in each trench insulated from the floating gates, 
capacitively coupled thereto, and insulated from the buried 
Source/bit line. Transistor gates parallel to one another are 
formed in a Second direction, Substantially perpendicular to 
the first direction on the planar Surface of the Substrate. In 
one embodiment, openings between the rows of transistor 
gates are used to cut the floating gates in the trenches, 
without cutting the control gates. 
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METHOD OF MANUFACTURING AN 
ISOLATION-LESS, CONTACT-LESS ARRAY OF 

BI-DIRECTIONAL READ/PROGRAM 
NON-VOLATILE FLOATING GATE MEMORY 

CELLS WITH INDEPENDENT CONTROLLABLE 
CONTROL GATES 

0001. The application is a continuation in part of a 
pending application filed on Apr. 7, 2003, Ser. No. 10/409, 
407, whose disclosure is incorporated herein in its entirety. 

TECHNICAL FIELD 

0002 The present invention relates to a method of mak 
ing an array of bi-directional read/program non-volatile 
memory cells, each of which uses a floating gate for Storage 
of charges. More particularly, the present invention relates to 
Such a method to make an isolation-less, and contact-leSS 
array. 

BACKGROUND OF THE INVENTION 

0003) Nonvolatile memory cells having a floating gate for 
the Storage of charges thereon to control the conduction of 
current in the channel in the Substrate of the Semiconductive 
material is well known in the art. See, for example, U.S. Pat. 
No. 5,029,130 whose disclosure is incorporated herein by 
reference in its entirety. Structurally, nonvolatile memory 
cells using a floating gate for Storage can be classified as 
either a Stacked gate configuration or a split gate configu 
ration. In a stacked gate, a control gate is positioned directly 
over the floating gate. In a split gate, the control gate is 
positioned to one side and controls another portion of the 
channel along with the floating gate. 
0004 Contact-less arrays of floating gate nonvolatile 
memory cells are also well known in the art. The term 
“contact-less” means the Source lines and the bit lines to the 
memory cells in the array are buried. Contact-leSS permits 
the memory cells to be positioned closer together since 
contacts or Vias do not have to be etched in the Semicon 
ductor Structure to contact the bit line or the Source line. See, 
for example, U.S. Pat. Nos. 6,420,231 and 6,103,573. These 
patents disclose a contact-leSS array of floating gate non 
Volatile memory cells but using field oxide to Separate rows 
or columns of memory cells. 
0005 Aschematic diagram of an array 10 of floating gate 
nonvolatile memory cells disclosed in U.S. Pat. Nos. 6,420, 
231 and 6,103,573 is shown on FIG. 1. The array 10 
comprises a plurality memory cells 15 arranged in a plurality 
of rows and columns. Each memory cell 15 comprises a 
conventional transistor 11 having a gate and a first terminal 
and Second terminal. In addition, the memory cell 15 com 
prises two Stacked gate floating gate transistorS 17, each 
having a control gate 38, a floating gate 34, a first terminal 
and a Second terminal. The transistor 11 is connected 
between the two Stacked gate floating gate transistors. Thus 
each memory cell 15 has five terminals: a first terminal 32a 
of a first stacked gate transistor 17, a second terminal 32b of 
a Second Stacked gate transistor 17, the gate of the transistor 
11, and the control gates of the two Stacked gate floating gate 
transistors. Further, memory cells 15 in the same column (or 
row) have their second terminals 32a of their second stacked 
gate transistorS 17 connected together, and the first terminals 
of their first Stacked gate transistorS 17 connected together. 
Memory cells 15 in the same column also have the control 
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gates 38 of the first Stacked gate transistors connected 
together, and have the control gates 38 of the Second Stacked 
gate transistors connected together. Finally, memory cells 15 
in the same row have the gates of the transistorS 11 con 
nected together. Further, all of the memory cells 15 are 
manufactured on a planar Surface of a Semiconductor Sub 
Strate. 

0006. It is one object of the present invention to increase 
the density of the array 10 and to provide methods for 
manufacturing Such improved memory cell array. 

SUMMARY OF THE INVENTION 

0007. The present invention relates to a method of mak 
ing an isolation-less array of non-volatile memory cells in a 
Semiconductor Substrate, which has a planar Surface with the 
Substrate being of a first conductively type. A plurality of 
Spaced apart trenches are formed in the planar Surface of the 
Substrate in a first direction, with each trench having a first 
Sidewall, a Second Sidewall and a bottom wall. A pair of 
floating gates are formed in each trench along the first and 
Second Sidewalls, with each floating gate Spaced apart from 
the first and Second Sidewalls, respectively. A first terminal 
of a Second conductivity type is formed along the bottom 
wall of each trench in the Substrate. A control gate is formed 
in each trench, with each control gate insulated from and 
capacitively coupled to the floating gates in the trench and 
insulated from the first terminal along the bottom wall of the 
trench. A conductor is formed on the planar Surface, with the 
conductor Spaced apart from the planar Surface. The con 
ductor is patterned along a Second direction Substantially 
perpendicular to the first direction to form a plurality of 
Spaced apart Strips of conductors, with an opening between 
each paid of conductor Strips. The floating gates in each 
trench is cut. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a schematic circuit diagram of a memory 
cell array which is made by the method of the present 
invention. 

0009 FIGS. 2A-2C are perspective cross sectional views 
of the Steps of the present invention to make an isolation 
less, contact-leSS array of floating gate non-volatile memory 
cells. 

0010 FIGS. 2D-2H are cross-sectional views of further 
steps after the steps shown in FIGS. 2A-2C in the method 
of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0011. The method of the present invention is illustrated in 
FIGS. 2A-2H which show the process steps in making the 
memory cell array 10 shown in FIG. 1. The method begins 
with a semiconductor Substrate 20, which is preferably of P 
type and is well known in the art, having a planar Surface 22. 
This is shown in FIG. 2A. The thickness of the layers 
described below will depend upon the design rules and the 
process technology generation. What is described herein is 
for the 90 nm process. However, it will be understood by 
those skilled in the art that the present invention is not 
limited to any Specific process technology generation, nor to 
any Specific value in any of the process parameters described 



US 2004/O197997 A1 

hereinafter. The Substrate 20 is not a processed to form any 
field oxide region or shallow trench isolation (STI) regions 
to Separate rows of columns of memory cells formed or to 
be formed in the Substrate 20. 

0012. In the first step of the method of the present 
invention, as illustrated in FIG. 2B, a masking material, 
Such as Silicon nitride 24, is deposited on the Surface 22 of 
the substrate 20 and is then patterned to form openings 26. 
The openings 26 are plurality of columns or Stripes which 
are opened in the Silicon nitride 24 exposing the Surface 22 
of the substrate 20. This can be done, by conventional 
photo-lithographic technique using masking and etching. It 
should be noted, that as used herein, the term “column” or 
“row' may be used interchangeably and is not limited to any 
Specific direction. 
0013 The next step is to cut trenches 28 into the substrate 
20 through the openings 26. Each trench 28 extends con 
tinuously in a column direction. This is shown in FIG. 2C. 
The result in trench 28 has two side walls and a bottom wall. 
This exposes the silicon Substrate 20 in the trench 28. 
0.014) An oxidation process is performed to oxidize the 
exposed silicon within the trenches 28 of the Substrate 20. 
This can be done, for example, by thermal oxidation of the 
structure shown in FIG. 2C, for 1000 degrees for 60 second. 
The result is the formation of a layer 30 of silicon dioxide 
along the Side walls and along the bottom wall of the trench 
28. The layer 30 of silicon dioxide is approximately eighty 
(80) angstroms thick. It should be recognized that the 
dimensions disclosed herein and the processes disclosed 
herein are for a lithography process of 90 nm dimension. 
Clearly, Sizing to a different lithography size would change 
the dimensions of thickness, time, temperature, etc. A layer 
of polysilicon 34 is then deposited everywhere, including on 
the layer of silicon dioxide 30. The layer 34 of polysilicon 
is then anisotropically etched forming a spacer of polysili 
con 34 along each of the two side walls of the trench 28. 
0.015 The polysilicon spacers 34 along the two side walls 
of the trench 28 can be shaped Such that a tip is formed along 
one end thereof, the end farthest away from the bottom wall 
of the trench 28. This can be accomplished by depositing 
polysilicon Such that it completely fills the trench 28. A 
planarizing etch process, Such as chemical-mechanical-pol 
ishing (CMP), leaves the polysilicon Surface level with the 
top of the nitride 24. A further etch recesses the polysilicon 
to the desired level. A sloped etch such that polysilicon 34 
adjacent to nitride 24 is etched slower results in an acute 
angle forming at the interface of polysilicon 34 and nitride 
24. An oxide dielectric spacer formed by oxide deposition 
and anisotropic etch defines a thickness region adjacent to 
each trench edge of nitride 24. This oxide Serves as an etch 
mask So that polysilicon 34 is separated into two pieces, one 
piece for each side wall of the trench 28. 
0016 Alternatively, a tip can be formed at the other end 
of the polysilicon spacer 34, the end closest to the bottom 
wall of the trench 28. This can be accomplished by forming 
the trench wall 28 with an obtuse angle relative to the trench 
bottom. Polysilicon spacers 34 are formed by deposition and 
Vertical etch. This leaves a polysilicon Spacer along each of 
the side walls of the trench 28. The angle difference between 
the wall-side polysilicon face and the open-side polysilicon 
face forms a tapered shape to the polysilicon Spacer with the 
narrow end closest to the bottom wall of the trench 28. With 
Sufficient angle and depth, this taper forms a sharp tip. 
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0017. The choice whether the tip is formed at one end of 
the polysilicon spacer 34 which is furthest away from the 
bottom wall of the trench 28 or is at the end which is closest 
to the bottom wall of the trench 28 depends upon the manner 
of the erased that is desired, as will be explained hereinafter. 
In any event, the tip at either one end or the other end of the 
Spacer 34 is formed. An implant Step is then performed 
which forms the buried source line 32 along the bottom wall 
of the trench 28. The resultant structure is shown in FIG. 
2D. 

0018. A thermal oxidation process is then performed 
which oxidizes the polysilicon Spacer 34 and forms an oxide 
region 36 which covers the polysilicon Spacer 34 along the 
side walls of the trench 28. In addition, the thermal oxidation 
process oxidizes the Silicon Substrate 20 along the bottom 
wall of the trench 28. The layer of oxide of 36 then covers 
the polysilicon spacer 34 and is along the bottom wall of the 
trench 28. Polysilicon 38 is then deposited everywhere and 
fills the trench 28. CMP (chemical-mechanical polishing) is 
then used to remove the polysilicon 38 deposited on the 
silicon nitride 24 and to planarize the polysilicon 38 so that 
the level of the polysilicon 38 in the trench 28 is planar with 
the level of the silicon nitride 24. The polysilicon 38 is then 
etched by Reactive Ion Etch (RIE) to a level below the top 
Surface of the silicon nitride 24. The resultant structure is 
shown in FIG. 2E. 

0019 RIE etching of the polysilicon 38 continues until 
the top most level of the polysilicon 38 is below the top most 
level of the polysilicon floating gate 34. The silicon nitride 
24 is then removed. Silicon dioxide 50 is then deposited 
everywhere including in the trench 28 and fills to a level 
above the planar surface 22 of the substrate 20. The height 
of the silicon dioxide 50 exceeds the planar Surface 22 of the 
substrate 20 determines the gate oxide of the Switch tran 
sistor 11. The resultant structure is shown on FIG. 2F. 

0020 Polysilicon 60 is then deposited on the silicon 
dioxide 50. The polysilicon 60 is then patterned to form a 
plurality of openings (not shown) which are a plurality of 
rows or Strips that are opened in a direction perpendicular to 
the trenches 28. These openings in the row direction eXpose 
the surface 50 of the silicon dioxide. This opening can be 
done by conventional photo-lithographic technique using 
masking and etching. With the polysilicon 60 as a mask, RIE 
or chemical etching of the exposed silicon dioxide 50 
through these openings in the row direction can be made. 
The silicon dioxide 50 is etched with polysilicon as the 
etched Stop. Since the floating gate 34 is at a level which is 
“higher than the control gate 38, the polysilicon 34 would 
be first exposed. This is shown in FIG. 2H. 
0021 With the polysilicon 34 exposed, RIE or chemical 
etching is changed to etched polysilicon and the polysilicon 
34 is then removed thereby cutting the polysilicon 34 to 
form islands of floating gates 34. In cutting the polysilicon 
34, it should be noted that since silicon dioxide 50 continues 
to be “on top' of the polysilicon 38 the silicon dioxide 50 
protects the polysilicon 38 from also being “cut” in the 
trench direction. The resultant Structure is an isolation-less, 
contact-less memory array 10 shown in FIG. 1. 
0022. It should be noted that an alternative method of 
forming the array 10 is as follows. This alternative method 
is a non-Self align method. In this method, the Steps of 
forming the floating gate 34 using StepS 2A-2D are the same 
as previously described. 
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0023. Once the floating gate 34 is formed, the silicon 
nitride 24 is then removed. Thereafter, a masking material, 
Such as photoresist, is deposited everywhere on the planar 
Surface 22 of the Substrate 20 and in the trench 28. The 
photoresist is then etched leaving openings in the row 
direction which is perpendicular to the trenches 28. Through 
the openings, the floating gates 34 are then cut to form 
islands. Thereafter, the photoresist is removed. 

0024. The formation of the silicon dioxide 36 on the 
floating gate 34 follows which is then followed by the 
polysilicon 38 filling in the trenches 28. The structure is then 
subject to a CMP process to remove the polysilicon 38 above 
the planar substrate 22 and to planarize the polysilicon 38 to 
the planar surface 22 of the substrate 20. Finally, silicon 
dioxide 50 is then deposited everywhere forming the gate 
oxide for the Switch transistor 11. Thereafter, polysilicon 60 
is deposited and masked and cut to form the row lines which 
make contact with the gate of the transistorS 11. 
0025 Memory Cell Operation 
0026. The operation of the memory cell 15 shown in 
FIG. 2G will now be described. 

0027) Erase 
0028. There are two erase modes. In a first mode, the 
memory cell 15 is erased by applying 0 volts to the control 
gates 38(a,b), and 0 volts to the source regions 32(a,b). 
Since the same Voltage is applied to both Source regions 
32(a,b), no charges will conduct in the channel region. 
Furthermore, because the control gates 38(a,b) are highly 
capacitively coupled to the floating gates 34(a,b), the float 
ing gates 34(a,b) will experience a low voltage. A voltage of 
between 8 to 12 volts is applied to the word line 60. This 
causes a large Voltage differential between the floating gates 
34(a,b) and the word line 60. Any electrons stored on the 
floating gates 34(a,b) are pulled by the positive voltage 
applied to the word line 60, and through the mechanism of 
Fowler-Nordheim tunneling, the electrons are removed from 
the floating gates 34(a,b), and tunnel through the tunneling 
oxide 36 onto the word line 60. This mechanism of poly 
to-poly tunneling for erase is set forth in U.S. Pat. No. 
5,029,130, whose disclosure is incorporated herein in its 
entirety by reference. In this mechanism, all of the cells 15 
connected by the same word line 60 having the positive 
Voltage applied thereto will be erased Simultaneously. Thus, 
the floating gate 34 has a tip near an end which is furthest 
away from the bottom wall of the trench 58. Due to the fact 
that Voltage potentials are measured relative to one another, 
other Voltages changed by a constant offset from one another 
are equivalent and may be used. For example, in the pre 
ceding first mode, a negative Voltage of -8 to -10 volts may 
be applied to the control gates 38(a,b) and Zero to positive 
potential applied to the word lines 60. This creates the same 
voltage differential to effect Fowler-Nordheim tunneling 
through oxide 36 as noted above. 
0029. In a second mode, the memory cell 15 is erased by 
applying a negative Voltage, Such as -10 volts, to the control 
gates 38(a,b). A positive voltage Such as 3 volts is applied to 
selective source lines 32. Word lines 60 may be floating or 
held to low potential. The action of the negative Voltage on 
the control gates 38(a,b) and the slight positive voltage on 
the Selective Source line 32 will cause the two floating gates 
34 in the same trench 58 as the Source line to be erased. In 
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this mode, the tip of the floating gate is located at an end 
which is closest to the bottom wall of the trench 58. This 
permits electrons to tunnel through the Fowler-Nordheim 
mechanism from the floating gate 34(a,b) to the Selected 
Source line 32. Programming 

0030 Programming of the memory cell 15 can occur in 
one of two mechanisms: either the first floating gate 34a is 
programmed or the Second floating gate 34b is programmed. 
Let us first discuss the action of programming the first 
floating gate 34a, i.e. Storage of electrons on the first floating 
gate 34a. The first Source region 32a is held at a positive 
voltage of between 7 to 12 volts. The first control gate 38a 
is held at a positive voltage of between 2 to 5 volts. The word 
line 60b is held at a positive voltage of 1-3 volts. The second 
control gate 38b is held at a positive voltage of between 
1-2.5 volts. The second source region 32b is held at 0 volts. 
Because the Second control gate 38b is Strongly capacitively 
coupled to the Second floating gate 34b, the positive Voltage 
of 1-2.5 volts on the second control gate 38b is sufficient to 
turn on the Second portion of the channel region (the portion 
of the substrate 20 near the side wall, adjacent to the floating 
gate 34b), even if the Second floating gate 34b is pro 
grammed, i.e. has electrons Stored thereon. The positive 
voltage of 1-2 volts on the word line 60b is sufficient to turn 
on the third portion of the channel region (the portion of the 
substrate 20 near the planar surface 22 between the trenches 
58). The positive voltage of 10-15 volts on the first source 
region 32a is Sufficient to attract the electrons in the channel. 
The positive voltage of 2 to 3 volts on the first control gate 
38a is sufficient to turn on the first portion of the channel 
region (because the first floating gate 34a is erased). Thus, 
electrons will traverse in the channel region from the Second 
Source region 38b to the first source region 38a. However, 
at the junction in the channel region where the channel 
region takes Substantially a 90 degree turn in the direction 
from the planar surface to the first trench 34a, the electrons 
will experience a Sudden increase in Voltage, caused by the 
positive high voltage of the first source region 38a. This 
causes the electrons to be hot channel injected onto the first 
floating gate 34a. This mechanism of hot channel electron 
injection for programming is set forth in U.S. Pat. No. 
5,029,130, whose disclosure is incorporated herein in its 
entirety by reference. 

0031) To program the second floating gate 34b, the volt 
ages applied to the first control gate 38a, first Source region 
32a are reversed from those applied to the Second control 
gate 38b, and Second Source region 32b. 

0032) Read 
0033 Reading of the memory cell 15 can occur in one of 
two mechanisms: either the State of the first floating gate 34a 
is read, or the State of the Second floating gate 34b is read. 
Let us first discuss the action of reading the State of the 
Second floating gate 34b, whether electrons are Stored on the 
Second floating gate 34b. The first Source region 32a is held 
at a positive voltage of between 2 to 3.5 volts. The first 
control gate 38a is held at a positive voltage of between 2 to 
3 volts. The word line 60b is held at a positive voltage of 
2-3.5 volts. The second source region 32b is held at 0 volts. 
The second control gate 38b is held at a positive voltage of 
between 1-2.5 volts. The positive voltage of 2-3 volts on the 
first control gate 38a, and the positive voltage of 2-3.5 volts 
on the first Source region 32a are Sufficient to turn on the first 
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portion of the channel region (the portion of the substrate 20 
near the side wall, adjacent to the floating gate 34a), even if 
the first floating gate 34a is programmed, i.e. has electrons 
stored thereon. The positive voltage of 1.5-2.5 volts on the 
word line 60b is sufficient to turn on the third portion of the 
channel region. The positive voltage of between 1 to 2.5 volt 
on the second control gate 38b is sufficient to turn on the 
Second portion of the channel region only if the Second 
floating gate 34b is not programmed. In that event, electrons 
will traverse in the channel region from the Second Source 
region 38b to the first source region 38a. However, if the 
Second floating gate 34b is programmed, then the positive 
voltage of between 1 to 2.5 volt is not sufficient to turn on 
the Second portion of the channel region. In that event, the 
channel remains non-conductive. Thus, the amount of cur 
rent or the presence/absence of current Sensed at the first 
Source region 32a determines the State of programming of 
the Second floating gate 34b. 

0034) To read the first floating gate 34a, the voltages 
applied to the first control gate 38a and first Source region 
32a are reversed from those applied to the Second control 
gate 38b and second source region 32b. 
0035) Memory Cell Array Operation 

0.036 The operation of an array of memory cells 15 will 
now be described. Schematically, an array of memory cells 
is shown in FIG.1. As shown in FIG. 1, an array of memory 
cells 15 comprises a plurality of memory cells arranged in a 
plurality of columns: 15a(1-k), 15b(1-k), and 15c(1-k) and 
in rows: 15(a-n)l, 15(a-n)2 and 15(a-n)3. The word line 60 
connected to a memory cell 15 is also connected to other 
memory cells 15 in the same column. The first and second 
Source regions 32 and the first and Second control gates 38 
connected to a memory cell 15 are also connected to other 
memory cells in the same row. 

0037) Erase 
0.038. In the erase operation, memory cells 15 in the same 
column connected by the common word line 60b are erased 
Simultaneously. Thus, for example, if it is desired to erase 
memory cells 15 in the column 15b(1-n), the word line 2 is 
held at between 8 to 12 volts. The unselected word lines 1 
and 3 are held at 0 volts. All the source region lines 32 and 
control gate lines 38 are held at 0 volts. In this manner all 
of the memory cells 15b(1-n) are erased simultaneously, 
while no erase disturbance occurs with respect to the 
memory cells 15 in the other columns because all five 
terminals to the memory cells 15 in all the other columns are 
at ground Voltage. 

0039) Program 

0040 Let us assume that the first floating gate 34a of the 
memory cell 15b1 is to be programmed. Then based upon 
the foregoing discussion, the Voltages applied to the various 
lines are as follows: line 32a is at a positive Voltage of 
between 7 to 12 volts. Line 38a is at a positive voltage of 
between 2 to 5 volts. Word line 60b is at a positive voltage 
of between 1-3 volts. Line 38b is held at a positive voltage 
of 1-2.5 volts. Line 32b is held at 0 volts. All the other 
unselected column lines, i.e. lines 1 and 3 are at 0 Volts. 
Similarly, all the other row lines, such as 38c, 38d, and 32c 
and 32d are at 0 volts. The “disturbance' on the unselected 
memory cells 15 are as follows: 
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0041. For the memory cells 15 in the unselected column, 
the application of 0 volts to lines 1 and 3 means that none 
of the channel regions for those memory cells 15c(1-n) and 
15a(1-n) are turned on, because the third portion of the 
channel region (the portion to which the word line 1 and 3 
control) are not turned on. Thus, there is no disturbance. For 
the memory cell 15b2 which is in the same selected column, 
but in an unselected row, the application of 0 Volts to line 
38c means that the portion of the channel region of the 
memory cell 15b2 which is adjacent to the source region 32c 
will not be turned on. In that event the channel between the 
Source region 32c and the source region 32b will be turned 
off. Thus, little or no disturbance to memory cell 15b2 would 
occur. Similarly for all other memory cells 15 in the selected 
column but unselected row, a portion of the channel region 
of those memory cells will not be turned on due to the 0 volts 
being applied to the unselected control gates 38. 
0042. To program the second floating gate 34b, the volt 
ages applied to the first control gate line 38a, first Source 
region line 32a are reversed from those applied to the Second 
control gate line 38b, and second source region line 32b. All 
the other lines will have the same Voltages as discussed for 
the programming of the first floating gate 34a. 
0.043 Read 
0044) Let us assume that the second floating gate 34b of 
the memory cell 15b1 is to be read. Then based upon the 
foregoing discussion, the Voltages applied to the various 
lines are as follows: The Source region line 32a is held at a 
positive voltage of between 2 to 3.5 volts. The first control 
gate line 38a is held at a positive voltage between 2 to 3 
volts. The word line 60b is held at a positive voltage of 2-3.5 
volts. The second source region line 32b is held at 0 volts. 
The second control gate line 38b is held at a positive voltage 
of between 1-2.5 volts. 

004.5 The voltages applied to the unselected word lines 
60a and 60c and the unselected source regions lines 32c and 
32d, and the unselected control gate lines 38c and 38d are all 
held at ground or 0 volts. The “disturbance” on the unse 
lected memory cells 15 is as follows: 
0046 For the memory cells 15 in the unselected columns, 
the application of 0 volts to lines 1 and 3 means that none 
of the channel regions for those memory cells 15c(1-k) and 
15a(1-k) is turned on. Thus, there is no disturbance. For the 
memory cell 15b2 which is in the same selected column, but 
in an unselected row, the application of 0 volts to line 38c 
means that the portion of the channel region of the memory 
cell 15b2 which is adjacent to the source region 32c will not 
be turned on. In that event the channel region will be turned 
off. Thus, little or no disturbance to memory cell 15b2 would 
occur. Similarly, for all the other memory cells in the same 
Selected column but unselected rows, there will not be any 
disturbance. 

0047. To read the first floating gate 34a, the voltages 
applied to the first control gate line 38a, first Source region 
line 32a are reversed from those applied to the Second 
control gate line 38b, and second source region line 32b. All 
the other lines will have the same Voltages as discussed for 
the reading of the Second floating gate 34b. 
0.048 NAND Operation 
0049. One unique feature of an array of memory cells 15 
of the present invention is the ability of the array to operate 
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as a NAND device. A NAND device has a string of NVM 
connected in a Serial fashion to a Source of programming/ 
read voltage. Let us assume that one string of NVM cells 
comprises: 15b1, 15b2, and 15.b3 all in the same column 
connected by the same word line 60b. 
0050 Erase 
0051) The erase operation for the string of NVM cells in 
the same String is the same as that described previously for 
memory cells being erased in an array. Cells in the same 
column connected by the common word line 60b are erased 
simultaneously. Thus, cells in the same NAND string are 
erased simultaneously. 
0.052 Program 
0.053 To program a particular cell, in a string of NVM 
cells, e.g. floating gate 34e of cell 15b3 in a string of NVM 
cells comprising cells 15b(1-3), the various Voltages applied 
are as follows: A programming Voltage, Such as 7-12 volts, 
is first applied at buried diffusion line 32a. A “high voltage 
is applied to the control gate 38a, sufficient to “turn on the 
channel adjacent the floating gate 34a. A "high voltage (1-3 
volts) is applied to the word line 60b to “turn on” the channel 
between the floating gate 34a and floating gate 34b. A“high” 
voltage (2-5 volts) is applied to the control gate 38b to turn 
on the channel adjacent to the floating gate 34b. This causes 
the entire channel region between the buried diffusion line 
32a and 32b to be conducting. Buried diffusion line 32b is 
held floating. This causes the programming Voltage from 
diffusion line 32a to be present at diffusion line 32b. The 
“turning on' of the channel region for other cells continues 
until the programming Voltage is at the buried diffusion line 
32c. A ground voltage is applied to buried diffusion line 32d, 
which is at the other end of the chain of a string of NVM 
cells. A voltage of 1-2.5 volts is applied to the control gate 
38d, which turns on the channel adjacent to the floating gate 
34f. Since the word line 60b is at a high voltage to turn on 
the channel region between the floating gate 34f and floating 
gate 34e, electrons traverse the channel region and are 
injected by hot channel electron injection onto the floating 
gate 34e. 
0054) To program the floating gate 34f of memory cell 
15b3, the programming Voltage is first applied to the other 
end of the string of NVM cells, i.e. to diffusion line 32d. 
Ground Voltage is applied to diffusion line 32a, and through 
the mechanism previously discussed, the ground Voltage is 
transferred to diffusion line 32c, which then causes hot 
channel electrons to program the floating gate 34f. 
0055 Read 
0056 To read a particular cell, in a string of NVM cells, 
e.g. floating gate 34e of cell 15b3 in a string of NVM cells 
comprising cells 15b(1-3), the various Voltages applied are 
as follows: A read voltage of 2 to 3.5 volts is applied to the 
diffusion line 32d. Ground voltage is applied to diffusion 
line 32a. A positive Voltage, Such as 1.5-3.5 Volts is applied 
to the word line 60b. A positive voltage such as 1 to 2.5 volts 
is applied to each of the control gate 38a, 38b, and 38c. The 
diffusion lines 32b and 32c would receive the ground voltage 
from diffusion line 32a. Electrons traversing from diffusion 
line 32c to 32d would be read and would be determinative 
of the State of the floating gate 34e. 
0057. From the foregoing it can be seen that a novel 
method of manufacturing is disclosed. It should be appre 
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ciated that although the preferred embodiment has been 
described in which a single bit is stored in each of the two 
floating gates in a memory cell, it is also within the Spirit of 
the present invention to Store multi-bits on each one of the 
floating gates in a Single memory cell, thereby increasing 
further the density of Storage. 
What is claimed is: 

1. A method of making an isolation-leSS array of non 
Volatile memory cells in a Semiconductor Substrate, having 
a planar Surface, Said Substrate is of a first conductively type 
comprising, 

forming a plurality of Spaced apart trenches in Said planar 
Surface of Said Substrate in a first direction, each trench 
having a first Sidewall, a Second Sidewall and a bottom 
wall; 

forming a pair of floating gates along the first and Second 
Sidewalls in each trench, each floating gate Spaced apart 
from the first and Second Sidewalls, respectively; 

forming a first terminal of a Second conductivity type 
along the bottom wall of each trench in the Substrate; 

forming a control gate in each trench; each control gate 
insulated from and capacitively coupled to the floating 
gates in the trench and insulated from the first terminal 
along the bottom wall of the trench; 

forming a conductor on Said planar Surface, Said conduc 
tor spaced apart from Said planar Surface; 

patterning Said conductor along a Second direction Sub 
Stantially perpendicular to Said first direction to form a 
plurality of Spaced apart Strips of conductors, with an 
opening between each paid of conductor Strips, and 

cutting each pair of floating gates in each trench. 
2. The method of claim 1 wherein the step of forming a 

pair of floating gates comprises: 

forming a layer of Silicon dioxide along Said first Sidewall, 
Said Second Sidewall, and Said bottom wall of each 
trench; 
depositing a layer of polysilicon along Said Silicon 

dioxide of said first sidewall, said second sidewall 
and said bottom wall of each trench; 

anisotropically etching Said layer of polysilicon, to 
remove Said layer of polysilicon from Said bottom 
wall, forming a pair of polysilicon floating gate 
Spacers along the first and Second Sidewalls in each 
trench. 

3. The method of claim 2 further comprising the step of 
forming a tip along each of Said floating gates at an end 
closest to Said bottom wall in each trench. 

4. The method of claim 2 further comprising the step of 
forming a tip along each of Said floating gates at an end 
furthest away from said bottom wall in each trench. 

5. The method of claim 1 wherein said cutting step cuts 
each pair of floating gates through said opening in each 
trench without cutting the control gate. 

6. The method of claim 2, wherein said step of forming a 
plurality of Spaced apart trenches in Said planar Surface 
further comprises: 

applying a layer of masking material on Said planar 
Surface of Said Substrate; patterning Said masking mate 
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rial in Said first direction to form a plurality of masking 
StripS and a plurality of first openings with a first 
opening between each pair of masking Strips, 

etching Said Substrate to form Said plurality of trenches 
through Said first openings. 

7. The method of claim 6 wherein the masking material is 
Silicon nitride. 

8. The method of claim 1 wherein said cutting step is 
performed prior to Said control gate being formed in each 
trench. 

9. The method of claim 8 wherein the step of forming a 
pair of floating gates comprises: 

forming a layer of Silicon dioxide along Said first Sidewall, 
Said Second Sidewall, and Said bottom wall of each 
trench; 
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depositing a layer of polysilicon along Said Silicon 
dioxide of said first sidewall, said second sidewall 
and said bottom wall of each trench; 

anisotropically etching Said layer of polysilicon, to 
remove Said layer of polysilicon from Said bottom 
wall, forming a pair of polysilicon floating gate 
Spacers along the first and Second Sidewalls in each 
trench. 

10. The method of claim 9 further comprising the step of 
forming a tip along each of Said floating gates at an end 
closest to Said bottom wall in each trench. 

11. The method of claim 9 further comprising the step of 
forming a tip along each of Said floating gates at an end 
furthest away from said bottom wall in each trench. 
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